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ABSTRACT 


The  Assistant  Chief  of  Staff  for  Installation  Management  (ACSIM)  manages  all 
Army  military  construction  (MILCON)  implementation  and  requests.  Annually,  the 
ACSIM  submits  a  prioritized  list  of  MILCON  projects  requiring  Congressional  approval. 
Typically,  Congress  does  not  approve  all  Army  requests.  This  thesis  develops  an  integer 
linear  program,  PESA  (Project  Evaluation  and  Selection  Assistant),  to  assist  the  ACSIM 
evaluate  and  select  the  best  set  of  MIECON  projects  under  various  policies  and  budgets; 
thus  assisting  ACSIM  develop  a  defendable  set  of  MILCON  projects  to  submit  to 
Congress.  Using  a  budget  of  $600  million  (funds  allocated  in  fiscal  year  2001)  and  data 
for  62  projects  for  fiscal  year  2001,  we  recommend  funding  a  set  of  50  projects  that 
adhere  to  the  following:  fund  each  Major  Army  Command’s  projects  in  priority;  limit 
each  Major  Army  Command  to  less  than  25%  of  the  total  budget;  and  use  at  least  80%  of 
the  total  budget  on  the  worst  condition  facilities.  We  demonstrate  how  this  set  of  50 
projects  better  adheres  to  Army  policies  than  those  that  would  be  recommended  by  the 
current  Army  technique. 
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EXECUTIVE  SUMMARY 


The  Assistant  Chief  of  Staff  for  Installation  Management  (ACSIM)  manages  all 
Army  military  eonstruetion  (MILCON)  implementation  and  requests.  Annually,  the 
ACSIM  submits  a  prioritized  list  of  MILCON  projects  that  require  Congressional 
approval.  Typically,  Congress  does  not  approve  all  Army  requests.  This  thesis  develops 
an  integer  linear  program,  PESA  (Project  Evaluation  and  Selection  Assistant),  to  assist 
the  ACSIM  evaluate  and  select  the  best  set  of  MILCON  projects  under  various  policies 
and  budgets;  thus  assisting  the  ACSIM  develop  a  defendable  set  of  MILCON  projects  to 
submit  to  Congress. 

As  of  2002,  the  Army  uses  a  scoring  equation  for  project  selection  which  awards 
points  in  four  areas:  Major  Army  Command  (MACOM)  priority  score  (maximum  points 
allowable  is  60),  Installation  Status  Report  (ISR)  score  (maximum  points  allowable  is 
20),  Project  Review  Board  (PRB)  scoring  (maximum  points  allowable  is  15),  and 
MILCON  Team  Assessment  (maximum  points  allowable  is  5).  Based  on  the  total  score, 
n  projects  are  ranked  from  1  to  n.  Although  this  scoring  equation  is  an  improvement 
compared  to  past  practices  of  ranking  projects,  the  Army  desires  a  better  way  to  select 
projects  and  requested  this  thesis. 

We  demonstrate  PESA  using  fiscal  year  2001  project  data  provided  by  the 
ACSIM  and  various  budget  amounts  to  develop  several  excursions.  Each  excursion 
varies  the  number  of  constraints  enforced  (representing  different  levels  of  adherence  to 
Army  policies)  and  budget.  PESA’s  results  enable  ACSIM  to  justify  projects  they  are 
funding  and/or  to  request  additional  dollars  to  fund  certain  sets  of  projects  that  adhere  to 
stated  policies. 

Eleven  recommended  options  representing  various  policies  and  budget  present  the 
ACSIM  different  funding  options  and  project  selection  packages.  Using  a  budget  of  $600 
million  (funds  allocated  in  fiscal  year  2001)  and  data  for  62  projects  for  fiscal  year  2001, 
we  recommend  funding  a  set  of  50  projects  that  adhere  to  the  following:  fund  each  Major 
Army  Command’s  projects  in  priority;  limit  each  Major  Army  Command  to  less  than 
25%  of  the  total  budget;  and  use  at  least  80%  of  the  total  budget  on  the  worst  condition 

xvii 


facilities.  We  demonstrate  how  this  set  of  50  projeets  better  adheres  to  Army  polieies 
than  those  that  would  be  reeommended  by  the  eurrent  Army  teehnique. 


I.  ARMY  MILITARY  CONSTRUCTION  PROJECTS 


The  Army’s  military  construction  (MILCON)  requests  compete  annually  for 
funding.  For  fiscal  year  2002,  the  Army  received  over  $1.76  billion  for  MILCON 
[Tamilin  2001a].  The  Assistant  Chief  of  Staff  for  Installation  Management  (AC  SIM) 
manages  the  Army  MILCON  requests  and  implementation.  Once  a  year,  the  ACSIM 
submits  a  prioritized  list  of  MILCON  projects  that  require  Congressional  approval. 
Typically,  Congress  does  not  approve  all  Army  requests.  This  thesis  develops  an  integer 
linear  program,  PESA  (Project  Evaluation  and  Selection  Assistant),  to  assist  the  ACSIM 
evaluate  and  select  the  best  set  of  MIECON  projects  under  various  policies  and  budgets; 
thus  assisting  the  ACSIM  develop  a  defendable  set  of  MILCON  projects  to  submit  to 
Congress. 


A,  BACKGROUND 

There  are  two  Army  MILCON  project  categories:  centralized  and  revitalization. 
Centralized  projects  include  any  related  to  strategic  mobility,  barracks,  and  projects 
covered  under  the  Army  Eacility  Strategy  [King  and  Lynah  2001]  such  as:  chapels, 
fitness  facilities,  general  instruction  buildings,  and  initial  entry  training  complexes.  The 
Army  plans,  programs,  and  budgets  these  projects  in  coordination  with  the  Major  Army 
Commands  (MACOMs)  [Tamilin  2001b].  Eor  the  purpose  of  this  thesis,  MACOM  refers 
to  the  Major  Army  Commands  and  other  Higher  Headquarters,  for  example,  ATEC 
(Army  Test  and  Evaluation  Command)  and  USAREC  (United  States  Army  Recruiting 
Command).  All  other  projects  are  revitalization  projects  and  are  the  focus  of  this  thesis. 
These  projects  replace  existing  inventory  and  require  Congressional  review  and  approval. 
In  fiscal  year  2002,  these  projects  accounted  for  approximately  40%  of  the  Army 
MIECON  budget.  Examples  of  revitalization  projects  are:  M16  firing  ranges,  military 
entrance  processing  stations,  and  child  development  centers. 
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1.  Army  MILCON  Project  Review 

Before  the  ACSIM  sees  a  projeet,  it  is  subjeet  to  numerous  reviews.  A  project’s 
MILCON  request  begins  at  its  installation,  where  each  installation  Commander  identifies 
his  requirements  and  submits  a  prioritized  list  to  his  respective  MACOM.  The  MACOMs 
produce  a  prioritized  list  of  all  projects  from  the  lists  submitted  by  their  respective 
installation  Commanders. 

a.  Army  Project  Review  Board 

The  Army  Project  Review  Board  (PRB)  meets  annually  (typically  March 
or  April)  to  review  MILCON  requests  for  projects  that  are  proposed  to  begin  construction 
in  three  fiscal  years.  For  example,  the  PRB  meeting  in  April  2002  reviews  projects  that 
would  begin  construction  in  fiscal  year  2005. 

Approximately  three  months  prior  to  the  PRB,  the  MACOMs  submit  a  DD 
Form  1391  [United  States  Publishing  Agency  1999]  for  each  project  to  the  ACSIM  and 
Headquarters  United  States  Army  Corps  of  Engineers  (HQUSACE).  HQUSACE  reviews 
the  documents  for  correctness  (e.g.,  cost  estimation  and  requirements).  The  MACOMs 
brief  their  projects  using  their  DD  Eorm  1391s  to  the  Army  Construction  Requirements 
Review  Committee  (CRRC)  at  the  PRB.  The  CRRC  members,  chosen  from  the 
Department  of  the  Army  Staff,  review  each  project  with  each  member  scoring  each 
project  on  a  scale  from  one  (lowest)  to  five  (highest). 

The  PRB  computes  an  average  score  (called  the  PRB  score,  calculated  by 
summing  each  CRRC  member’s  score  divided  by  the  number  of  CRRC  members)  for 
each  project  and  then,  ranks  the  projects  based  on  their  respective  PRB  scores.  At  the 
ACSIM’s  discretion,  he  may  adjust  the  ranking  before  submitting  the  list  to  the  Deputy 
Chief  of  Staff  for  Operations  (G3)  for  final  approval.  But  any  ACSIM  adjustment 
traditionally  attempts  to  maintain  MACOM  priority.  Eor  example,  a  MACOM  project 
priority  three  would  not  be  place  ahead  of  its  priority  one  on  the  list  submitted  to  G3. 
After  obtaining  the  G3  approval,  ACSIM  submits  the  list  to  Congress. 
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B,  SCORING  ARMY  MILCON  PROJECTS 

Starting  in  April  2002,  the  ACSIM  prioritized  MILCON  revitalization  projects 
using  the  following  project  scoring  equation  (SE)  [Sugiyama  2001]; 

PROJECT  SCORE  =  MACOM  PRIORITY  SCORE  +  ISR  CONDITION  ASSESSMENT  SCORE 
+  PRB  Scoring  +  MILCON  team  Assessment. 

The  maximum  PROJECT  SCORE  is  100.  For  the  fiscal  year  2001  PRB  project  data, 
the  minimum  PROJECT  SCORE  is  29.31.  Similar  to  the  technique  described  above,  the 
ACSIM  ranks  the  projects  from  highest  project  score  to  lowest  project  score  and  submits 
this  list  to  Congress  for  approval.  Below  we  repeat  the  PROJECT  SCORE  equation  and 
review  the  four  areas  comprising  it. 

1.  MACOM  PRIORITY  SCORE 

(PROJECT  SCORE  =  MACOM  PRIORITY  SCORE  +  ISR  CONDITION  ASSESSMENT  SCORE 
+  PRB  Scoring  +  MILCON  team  Assessment.) 

The  Center  for  Army  Analysis  [Tarantino  2001]  develops  the  MACOM  PRIORITY 
Score; 

60  +  ((1+B)  *7*(l-M4COM  rank)). 

The  MACOM  rank  is  an  integer  between  one  and  the  number  of  projects 
submitted  by  a  MACOM.  Thus,  each  MACOM’s  first  priority  project  {MACOM  rank  1) 
receives  a  MACOM  PRIORITY  SCORE  of  60.  The  “(1+B)*7”  factor,  where  B  is  a 
decimal  value  between  zero  and  one  (based  on  the  Plant  Replacement  Value  (PRV)  and 
population  for  each  MACOM),  distinguishes  between  MACOM  projects  with  a  similar 
priority  [Tarantino  2001].  Generally,  P  is  smaller  for  larger  MACOMs. 

2,  ISR  Condition  Assessment  Score 

(Project  score  =  macom  priority  Score  +  ISR  Condition  Assessment  Score 
+  PRB  Scoring  +  MILCON  team  Assessment.) 

The  Installation  Status  Report  (ISR)  is  a  Department  of  the  Army  report  providing 


an  evaluation  of  the  status  of  installations  by  measuring  their  performance  against  a  set  of 
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Army-wide  standards  [Fasolo  2001].  The  ISR  covers  infrastructure,  environment,  and 
services  categories,  but  only  the  infrastructure  ISR  rating  is  used  to  compute  the  ISR 
Condition  Assessment  Score.  The  infrastructure  ISR  rating,  called  a  C-Rating, 
provides  both  quality  and  quantity  assessments  (discussed  below)  for  each  facility  that 
falls  into  one  of  five  facility  types  (from  most  important  to  least  important):  mission 
support,  mobility,  housing,  community,  and  installation  support  [Tamilin  2001b].  Each 
facility  type  receives  a  condition  rating  from  Cl  being  the  best  to  C4  being  the  worst 
(Table  1).  The  lower  rating  of  quantity  and  quality  becomes  the  ISR  rating  used  to 
determine  the  ISR  CONDITION  ASSESSMENT  SCORE. 


C-rating 

Quantity 

Quality 

Cl 

Installation  has  greater  than  95%  of 
the  required  facilities 

Installation’s  facilities  meet  both  Army  standards  and 
unit  needs 

C2 

Installation  has  greater  than  80% 
percent  of  what  it  requires 

Meets  unit  needs  and  partly  meets  Army  standards 

C3 

Installation  has  greater  than  60%  of 
what  it  requires 

Meets  majority  of  unit  needs,  but  does  not  meet  Army 
standards 

C4 

Installation  has  less  than  60%  of 
what  it  requires 

Facilities  are  in  poor  condition  and  do  not  meet  Army 
standards 

Table  1.  Description  of  ISR  C-Ratings 


The  infrastructure  ISR  rating,  called  a  C-Rating,  provides  both  quality  and  quantity 
assessments.  The  rating  of  Cl  is  the  highest  and  C4  is  the  lowest.  The  lower  rating  of 
quantity  and  quality  becomes  the  ISR  condition  rating  used  to  compute  the  ISR 
Condition  Assessment  Score. 
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Table  2  is  the  assigned  ISR  CONDITION  ASSESSMENT  SCORE  for  a  project 
[Sugiyama  2001]. 


Mission 

Support 

Mobility 

Housing 

Community 

Installation 

Support 

C4 

20 

19.5 

19 

18.5 

18 

C3 

17.5 

17 

16.5 

16 

15.5 

C2 

15 

14.5 

14 

13.5 

13 

Cl 

12.5 

12 

11.5 

11 

10.5 

Table  2.  ISR  CONDITION  ASSESSMENT  Score  M 

iatrix 

The  ISR  Condition  Assessment  Score  gives  points  based  on  the  ISR  facility 
category  type  and  condition  rating.  For  a  mission  support  facility  type  and  the  worst  ISR 
condition  rating  (C4),  a  project  earns  an  ISR  CONDITION  ASSESSMENT  SCORE  of  20. 
For  an  installation  support  facility  type  and  the  best  ISR  condition  rating  (Cl),  a  project 
earns  an  ISR  CONDITION  ASSESSMENT  SCORE  of  10.5. 

3.  PRB  Scoring 

(PROJECT  SCORE  =  MACOM  PRIORITY  SCORE  +  ISR  CONDITION  ASSESSMENT  SCORE 
+  PRB  Scoring  +  MILCON  team  Assessment.) 

As  previously  mentioned,  MACOMs  brief  their  projects  to  the  PRB.  After 
computing  the  average  score  (PRB  score)  for  the  project,  it  gets  multiplied  by  three  to 
provide  the  PRB  SCORING  (with  a  maximum  value  of  15). 

4.  MILCON  TEAM  Assessment 

(PROJECT  SCORE  =  MACOM  PRIORITY  SCORE  +  ISR  CONDITION  ASSESSMENT  SCORE 

+  PRB  Scoring  +  MILCON  team  Assessment.) 

Members  in  the  Construction  Division  branch  of  the  ACSIM  form  the  MILCON 
Assessment  Team.  They  award  points  to  a  project  for  meeting  certain  criteria  in  six 
different  areas  found  on  the  DD  Form  1391  [United  States  Publishing  Agency  1999]. 
Summing  the  points  for  each  area  (Table  3)  yields  the  MILCON  TEAM  ASSESSMENT 
with  a  maximum  value  of  five  [Sugiyama  2001]. 
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Area 

Criteria 

Points  awarded 

Efficiencies 

Does  the  project  offer  a  return  on  investment? 

Does  the  project  consolidate  or  collocate  functions? 

Does  the  project  demonstrate  joint  use  potential? 

Does  the  project  positively  affect  on-post  and  off-post 
operations? 

1.00 

Mission  timing 

Does  the  project  preclude  leasing  or  using  temporary  facilities? 
Does  the  project  support  synchronized  arrival  of  new  mission? 
Does  the  project  use  sound  phasing  plans? 

1.00 

Design  build 

Does  the  project  use  design  build  procurement  [DAIM-FD 
2000]? 

1.00 

Demolition  or 
Facilities  Reduction 

Does  the  project  replace  a  like  existing  structure  allowing  for 
100%  demolition  of  the  existing  structure? 

Does  the  project  eliminate  relocatables,  leases,  or  temporary 
facilities? 

0.75 

Demolition  or 

Limited  Growth 

Does  the  project  replace  a  like  existing  structure  allowing  for 
50%  demolition  of  the  existing? 

Does  the  project  eliminate  relocatables,  leases,  or  temporary 
facilities  by  50%? 

0.25 

Sustainable  Design 

Does  the  project  use  sustainable  design  components  [Federal 
Facilities  Council  Technical  Report  No.  142  2001]? 

1.00 

Table  3.  MILCON  TEAM  ASSESSMENT  Scoring  Matrix 


The  first  column  comprises  the  six  different  areas  the  MILCON  Assessment  Team 
awards  points.  The  second  column  defines  the  criteria  for  each  area.  The  third  column 
defines  the  points  awarded  for  meeting  the  criteria.  A  project  receives  points  only  once 
in  each  area.  For  example,  if  a  project  demonstrates  joint  use  potential  in  the  efficiencies 
area  and  doesn’t  meet  any  other  criteria,  the  MILCON  TEAM  ASSESSMENT  for  this 
project  is  1.00. 


C.  THESIS  CONTRIBUTION  AND  ORGANIZATION 

Although  the  new  SE  directly  addresses  most  elements  considered  important  for 
selection  of  Army  MILCON  projects  and  is  an  improvement  over  their  past  methods  of 
ranking  projects,  the  Army  desires  a  better  way  to  evaluate  and  select  projects  to 
recommend  for  funding.  The  SE  does  not  capture  all  elements  that  influence  MILCON. 
Eoremost,  project  cost  is  not  directly  considered  and  project  cost  can  vary  substantially. 
Eor  the  projects  considered  by  the  2001  PRB,  project  cost  varies  between  $1.6M  and 
$134.0M. 

In  addition  to  ignoring  project  cost,  the  current  SE  has  an  arbitrary  way  of 
combining  important  factors.  The  SE  scores  and  ranks  n  projects  from  I  to  n.  This 
ranking  can  result  in  MACOMs  with  few  projects  requested  (typically  smaller  MACOMs 
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by  number  of  installations),  receiving  all  projects  and  MACOMs  with  more  project 
requests  (generally  larger  MACOMs  by  number  of  installation)  not  allowing  lower 
priority  projects  much  consideration. 

This  thesis  develops  an  integer  linear  program,  PESA,  to  assist  the  ACSIM 
evaluate  and  select  the  best  set  of  MILCON  projects  under  various  policies  and  budgets. 
PESA  directly  accounts  for  project  cost  and  makes  the  tradeoffs  between  project  cost  and 
other  factors  explicit.  With  PESA,  the  ACSIM  can  investigate  varying  levels  of 
adherence  to  Army  MIECON  policies  and  better  support  its  funding  request  to  Congress. 

Chapter  II  reviews  Navy  and  Air  Eorce  MIECON  prioritization  equations  and 
other  models  in  the  operations  literature  for  project  selection.  Chapter  III  provides  the 
model  formulation.  Chapter  IV  reports  the  execution  of  the  model  using  the  Eiscal  year 
2001  PRB  project  data.  Chapter  IV  also  analyzes  the  output  of  PESA’ s  runs  by  altering 
enforcement  of  certain  constraints  and  budgets,  policy  excursions  focusing  on  requesting 
budget,  and  a  comparison  to  the  Army  SE.  Chapter  V  provides  conclusions  and 
recommendations  for  future  work. 
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II.  LITERATURE  REVIEW 


The  Army  technique  to  rank  MILCON  projects  is  similar  to  the  other  US  services. 
We  review  how  the  Navy  and  Air  Force  rank  projects  and  compare  PESA  to  some  similar 
industry  project  selection  approaches  reported  in  the  operations  research  literature. 


A.  OTHER  DOD  MILCON  PROJECT  SCORING  EQUATIONS 
1.  Navy  Project  Score 

The  Navy  uses  the  following  equation  (NSE)  to  score  its  projects  [Turner  2001]; 
PROJECT  Score  =  programmatic  Category  +  installation  Management 
Claimant  Priorityt  N44  Assessment  +  Percent  Of  Requirement 
Currently  Adequate  (Bachelor  Housing  Only) 

+  Other  Considerations. 

Using  Turner  [2001],  we  determined  the  maximum  possible  score  is  2,280.  We 
explain  each  part  of  NSE  in  the  following  sections. 

a.  Programmatic  Category 

Each  project  is  placed  in  an  appropriate  programmatic  category  that  gives  it  the 
maximum  points  (Table  4).  Multiplying  the  category  points  by  50  yields  the  value  for 
Programmatic  Category.  Eor  example,  an  airfield  receives  10  points  multiplied  by 
50  yielding  a  value  for  PROGRAMMATIC  CATEGORY  of  500. 


Points 

Category 

10 

Airfield  or  waterfront  restoration  or  modernization 

New  mission 

Speeial  restoration  or  modernization  initiatives 

Higher  authority  priority 

Bachelor  enlisted  quarters  (BEQ)  deficit  reduction 

BEQ  restoration 

9 

Overseas  community  support 

Major  equipment  delivery 

9 


Points 

Category 

Initial  operating  capability 

8 

Restoration  and  modernization 

Training  range  support 

Single  sailor  and  community  support 

Class  I  environmental  (corrects  a  violation  of  an  environmental  law  or  regulation) 

BEQ  modernization 

Explosive  safety 

Facility  consolidation 

7 

In-service  engineering 

Training 

6 

Class  II  environmental  (if  corrective  actions  are  not  taken,  develops  into  a  Class  I) 

Safety  and  health 

Utility  systems  upgrades 

Research,  development,  test,  and  evaluation 

4 

Operations  and  readiness 

2 

Administration  or  base  support 

Bachelor  officer  quarters  (BOQ) 

Table  4.  Programmatic  Category  Points  Matrix 
The  first  column  is  the  points  awarded.  The  second  column  defines  the  categories  for 
each  project.  For  example,  a  pier  (category:  waterfront  restoration)  receives  ten  points 
even  though  it  can  be  defined  in  other  categories  [Turner  2001]. 


b.  INSTALLATION  Management  Claimant  Priority 

A  Navy  claimant  is  similar  to  an  Army  MACOM.  Turner  [2001] 
determines  the  INSTALLATION  MANAGEMENT  CLAIMANT  Priority  from  the  claimant’s 
target  total  and  costs  of  the  individual  projects,  where  the  target  total  is  based  on: 
backlog  of  projects,  historic  funding  levels,  and  PRV  of  Navy  MILCON  funded  facilities 
[Turner  2001].  The  INSTALLATION  MANAGEMENT  Claimant  Priority  attempts  to 
maintain  fairness  in  the  amount  of  dollars  each  claimant  receives  by  lowering  the  score 
for  too  many  high  cost  projects  for  a  given  claimant  [Turner  2001].  The  INSTALLATION 
Management  Claimant  Priority  value  ranges  between  7  and  700. 

c.  N44  Assessment 

N44  is  the  facilities  and  engineering  division  for  the  Navy  [Navy  Facilities 
Engineering  Command  1999].  N44  ASSESSMENT  typically  parallels  the  CLAIMANT 

Priority  and  has  a  maximum  score  of  20,  unless  there  is  something  wrong  (e.g.,  viable 
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economic  alternatives  not  explored)  that  needs  to  be  reflected  in  the  final  score.  N44 
assessment  seems  similar  to  the  oversight  provided  by  the  PRB  for  the  Army  SE. 


d.  PERCENT  Oe  Requirement  Currently  Adequate 
(Bachelor  Housing  Only) 

Percent  Of  Requirement  Currently  Adequate  (Bachelor 
Housing  Only)  scores  projects  at  activities  with  a  low  percentage  of  adequate  housing. 
Turner  [2001]  calculates  the  percentage  from  the  Bachelor  Housing  Facilities  Current 
Assets  Summary  Report  [Navy  Facilities  Engineering  Command  1999].  This  percentage 
(Table  5)  is  similar  to  Army’s  ISR  rating  for  quantity. 

After  determining  the  percent  adequate  bachelor  housing,  multiply  the 
points  awarded  by  a  weight  of  20.  The  result  is  the  PERCENT  OF  REQUIREMENT 
Currently  Adequate  (Bachelor  Housing  Only).  For  example,  an  activities’ 
bachelor  housing  percent  adequate  of  25%  receives  a  score  of  120  (6  points  *20). 


Percent  Adequate 

Points  awarded 

O-IO 

10 

11-20 

8 

21-30 

6 

31-40 

4 

41-50 

2 

Table  5.  Percent  Adequate  Bachelor  Housing 


The  first  column  is  the  percent  of  requirements  adequate.  The  second  column  is  the 
points  awarded  for  the  percent  adequate.  For  example,  8  points  are  awarded  if  11-20 
percent  of  bachelor  housing  is  considered  adequate. 

e.  Other  Considerations 

Other  Considerations  are  points  for  meeting  certain  criteria.  The 
Army’s  MIFCON  team  assessment  is  similar  in  approach,  although  the  number  of  points 
awarded  differs.  The  value  for  OTHER  CONSIDERATIONS  ranges  from  -200  up  to  860. 
The  following  is  a  list  of  project  criteria: 
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1 .  Economic  payback 

2.  Previously  approved  (projeets  approved  for  the  budget  year,  but  deferred 
during  budget  reduetions) 

3.  Demolition 

4.  Anti-terrorism  or  foree  proteetion 

5.  Quality  of  life  in  the  workplaee 

6.  Higher  authority  interest 

7.  Environmentally  friendly  or  sustainable  design 

8.  No  off-base  options 

9.  Supports  joint  use 

10.  Eeonomie  advantages 

1 1 .  Baehelor  Quarters  eliminates  gang  heads,  life,  safety,  or  health,  or 
supports  new  mission  (points  in  eaeh  area) 

12.  Tough  sell  (e.g.,  projeets  that  eneounter  diffieulty  getting  through  the 
budget  proeess  ean  reeeive  negative  points) 

2.  Air  Force  MILCON  Project  Scoring 

The  Air  Eoree  SE  influeneed  the  development  of  the  Army  SE.  Therefore,  their 
projeet  seoring  is  very  similar  to  the  Army.  The  Air  Eoree  SE  eomprises  four  weighted 
areas  based  on  a  100  point  seoring  system: 

PROJECT  Score  =  major  Command’s  priority  +  investment  Strategy  Scoring 
+  Corporate  panel  points  +  milcon  team  eactors. 

Table  6  illustrates  the  similarities  of  the  equation  eomponents  between  the  Army 
and  Air  Eoree  equation: 


Army 

Air  Force 

MACOM  priority  score 

MAJCOM  priority  score 

ISR  condition  assessment  score 

Investment  strategy  scoring 

PRB  scoring 

Corporate  panel  points 

MILCON  team  assessment 

MILCON  team  factors 

Table  6.  Comparison  of  Army  and  Air  Eoree  equation  eomponents 


Similar  to  the  Army,  the  most  important  faetor  in  the  Air  Eoree  SE  is  the  Major 
Commands  priority.  The  highest  value  is  60  and  deereases  by  a  faetor  based  on  the  size 
of  the  eommand’s  PRV  yielding  a  MAJOR  COMMAND’S  PRIORITY  [Smith  1999]. 
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The  Investment  Strategy  Scoring  relates  the  projeet  mission  eategory  and 
mission  impaet.  The  four  mission  eategories  are:  modernization  and  foree  strueture  (A), 
readiness  and  sustainability  (B),  eommunity  support  (C),  and  other  (D).  The  three 
mission  impaet  areas  are:  eritieal  (1),  degraded  (2),  and  enhaneement  (3). 


The  first 
The  first 
example, 


A 

B 

C 

D 

1 

35 

34.5 

34 

33.5 

2 

33 

32.5 

32 

31.5 

3 

31 

30.5 

30 

29.5 

Table  7.  Investment  Strategy  Seoring  Matrix  [Smith  1999] 
eolumn  is  the  mission  impaet  area  (from  most  important  to  least  important), 
row  is  the  mission  eategories  (from  most  important  to  least  important).  For 
a  projeet  in  eommunity  support  (C)  in  a  degraded  mode  (2)  reeeives  32  points 


as  the  INVESTMENT  Strategy  Scoring. 


The  third  eomponent  of  the  equation  is  the  CORPORATE  PANEL  POINTS.  The 
maximum  points  allowable  are  two.  Their  duties  and  responsibilities  are  similar  to  the 
Army’s  PRB.  The  panel  assigns  a  seore  based  on  merit  of  the  projeet.  The  final 
eomponent  is  the  MiLCON  TEAM  FACTORS.  They  assign  a  seore  based  on  the  projeet’s 
support  to  various  faetors,  e.g.,  effieieneies,  mission  timing,  demolition,  and  overseas 
presenee  [Smith  1999].  Maximum  seore  in  this  area  is  three. 

Some  differenees  between  the  Air  Foree  and  Army  SEs  are: 

1.  The  Air  Foree  SE  applies  to  all  MIECON  projeets  whereas  the  Army  SE 
applies  only  to  revitalization  projeets. 

2.  The  Air  Eoree  SE  doesn’t  eonsider  faeility  eonditions. 

3.  The  PRB  equivalent  (eorporate  panel)  does  not  seore  as  mueh. 


B,  TECHNIQUES  FOR  PROJECT  SELECTION 

The  operations  researeh  literature  doeuments  many  different  teehniques  for 
projeet  seleetion  [Henrieksen  and  Traynor  1999],  sueh  as: 
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1 .  Scoring 

2.  Goal  programming  or  integer  linear  programming 

3.  Fuzzy  logie 

4.  Analytie  Network  Proeess 

The  following  seetions  review  a  few  papers  that  employ  the  teehniques  mentioned 
above  motivated  by  real-world  projeet  seleetion  problems,  but  only  one  reports  of  a  real- 
world  applieation.  In  contrast,  Newman  et  al  [2000]  eontains  numerous  referenees  to 
real-world  applications  for  closely  related  optimization-based  capital  budgeting  models. 
PESA  shares  several  similarities  with  the  above  in  this  section  including:  multiple 
factors  or  criteria  with  an  uneertain  weighting  scheme,  output  as  a  set  of  optimally  funded 
projeets,  precedenee  with  certain  factors  (in  MACOM  priority),  and  the  ability  for  the 
deeision  maker  to  see  the  effeets  of  eaeh  policy. 

1.  Scoring  for  Project  Selection 

Henricksen  and  Traynor  [1999]  develop  equations  to  seore  researeh  and 
development  projeets  based  on  the  criteria  of  relevance,  risk,  reasonableness,  and  return 
for  the  Los  Alamos  National  Directed  Research  and  Development  Laboratory.  Although 
they  define  their  equations  as  algorithms,  they  amount  to  nothing  more  than  simple 
scoring  equations.  They  eompute  the  value  of  a  project  as  a  function  of  cost  and  merit. 
By  using  an  equation,  they  scale  the  projeet  eost  into  a  value  between  one  and  five.  This 
seoring  tool  incorporates  peer  review  team  surveys  to  assess  the  merit  of  a  projeet  and  is 
similar  in  approaeh  to  the  military  serviees’  seoring  equations  by  assigning  weights  to 
eaeh  criterion.  Answers  on  the  survey  range  from  “very  low”  to  “very  high”  whieh 
correspond  to  values  one  and  five.  Henrieksen  and  Traynor  [1999]  developed  a  maero 
that  allows  a  decision  maker  to  carry  out  “what  if’  analysis  by  varying  the  inputs  (similar 
to  PESA);  an  improvement  compared  to  the  military  services’  SEs. 


14 


2.  Goal  Programming  for  Project  Selection 

We  review  three  goal  programming  models  for  projeet  seleetion  with  similar 
approaehes  to  PESA. 

Badri,  Davis,  and  Davis  [2001]  attempt  to  explieitly  ineorporate  the  multiple 
faetors  affeeting  information  system  projeet  seleetion  through  a  zero-one  goal 
programming  model  (the  deeision  variables  for  project  selection  are  zero-one).  The 
objective  function  is  to  minimize  the  sum  of  the  deviations  from  the  goals  that  include 
benefits,  hardware  costs,  software  costs,  risk  factors,  preferences  of  decision  maker,  and 
mandated  requirements. 

They  apply  the  model  to  real  world  information  system  project  selection  (from  a 
set  of  28)  for  the  Dubai  Medical  Center  in  the  State  of  Dubai  in  the  United  Arab 
Emirates.  After  varying  the  ordering  of  the  preferences  for  the  projects’  factors  (similar 
to  PESA),  they  assess  the  trade-offs  by  adjusting  the  target  levels  for  the  cost  variables. 

Kim  and  Emery  [2000]  are  motivated  by  nine  projects  and  two  machine 
configurations  over  a  four-year  period  for  the  Woodward  Governor  Company.  Each 
decision  variable  (four  for  each  project)  represents  the  award  options:  award  in  1998, 
1999,  2000,  or  not  at  all.  Management  identified  several  goals  to  include  in  the  model 
that  represent  both  customer  satisfaction  and  profit  maximization. 

The  authors  don’t  clearly  define  all  of  the  variables.  Although  most  of  the  model 
inputs  are  based  on  forecasts  and  projections,  the  model  allows  the  decision  maker  to 
update  it  as  information  becomes  available.  This  model  also  allows  the  decision  maker  to 
alter  the  ordering  of  the  goals  to  conduct  sensitivity  analysis  (similar  to  PESA). 

The  management  of  Woodward  Governor  Company  chose  to  modify  the  results  to 
accommodate  other  intangible  factors  not  considered  by  the  model  (e.g.,  technological 
advancement  or  strategic  movements  made  by  Woodward’s  competitors  during  the 
implementation  period). 

Mukherjee  and  Bera  [1995]  apply  goal  programming  to  project  selection  for  the 
Indian  Mines  Eimited  Coal  Mining  Company.  Their  model  strives  to  select  the  most 
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suitable  subset  among  eight  mine  projeets  (similar  to  PESA).  They  ineorporate  ratings 
from  experts  and  exeeutives  to  eompute  goal  weights  (similar  to  PESA).  This  model 
approaeh  differs  from  the  above  goal  programming  models  by  using  a  probabilistie 
eonstraint  for  demand. 

3.  Fuzzy  Logic  for  Project  Selection 

Maehaeha  and  Bhattaeharya  [2000]  apply  a  fuzzy  logic  approach  to  project 
selection.  The  uncertainty  of  subjective  judgment  is  present  in  the  decision  making 
process  for  project  selection  (similar  to  PESA).  Decision  making  becomes  difficult  when 
information  is  incomplete. 

The  authors  follow  a  series  of  steps: 

•  Decide  what  variables  of  the  problem  are  relevant  (similar 
to  PESA). 

•  Describe  those  variables  with  adjectives  that  make  sense 
(as  if  you  were  explaining  it  to  another  person). 

•  Eorm  rules  which  describe  the  relationship  between  the 
results  they  want  and  the  available  data. 

Based  on  these  rules,  the  authors  combine  multiple  criteria.  According  to  the  authors, 
other  methods  of  project  selection  mostly  ignore  the  behavior  and  backgrounds  of 
decision  makers.  The  authors  apply  their  model  to  a  hypothetical  software  product 
selection  problem. 

4.  Analytic  Network  Process  for  Project  Selection 

Eee  and  Kim  [2000]  apply  the  analytic  network  process  (ANP)  within  a  zero-one 
goal  programming  model.  The  authors  claim  information  system  project  selection  is 
unique  because  interdependency  among  project  criteria  exists  and  the  above  methods  are 
inadequate  for  information  system  project  selection  because  they  only  consider 
independent  criteria.  Often  times,  the  development  of  a  related  project  creates  a  technical 
interdependence,  e.g.,  software  code  developed  by  one  project  is  used  in  the  second 
project,  then  the  total  programming  resources  required  by  the  second  project  are 
accordingly  reduced. 
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ANP  attempts  to  demonstrate  the  relationship,  if  any,  among  the  eriteria  by 
identifying  the  eriteria  and  determining  to  what  degree  of  impaet  eaeh  has  on  the  other. 
The  authors  obtain  these  answers  with  help  from  the  deeision  maker.  The  information 
obtained  from  the  ANP  is  then  used  to  formulate  a  zero-one  goal  programming  model  as 
a  weight  [Lee  and  Kim  2000].  The  authors  fail  to  clearly  demonstrate  how  to  develop 
this  weight. 

Although  PESA  contains  similarities  to  the  above  literature,  it  has  some  distinct 
differences.  PESA  is  not  a  goal  program.  Instead  of  having  penalties  for  deviations  from 
constraints,  PESA’s  constraints  are  either  enforced  or  not  enforced.  Precedence  is  treated 
as  a  constraint.  PESA  allows  the  user  to  order  priorities  differently  by  enforcing 
constraints  and  choosing  different  values  for  constraint  parameters. 
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III.  MODELING  APPROACH 


This  chapter  presents  PESA,  an  integer  linear  program,  to  determine  the  best  set 
of  MILCON  projeets  given  various  polieies  and  budgets.  PESA  uses  a  spreadsheet 
provided  by  the  ACSIM  with  the  following  information  for  eaeh  projeet: 

•  MACOM  priority; 

•  ISR  eondition  rating; 

•  ISR  faeility  eategory  type; 

•  PRB  seore; 

•  Whether  or  not  a  projeet  has  a  synehronized  arrival  with  a  new 
mission; 

•  Whether  or  not  a  projeet  uses  design  build; 

•  Whether  or  not  a  projeet  demonstrates  joint  use  potential;  and 

•  Whether  or  not  a  projeet  eonsolidates  faeilities,  and  eliminates 
reloeatables,  leased  or  temporary  faeilities. 

In  addition  to  the  information  above  (more  or  less  in  order  of  importanee  based  on 
the  Army  SE),  eost  (dollars)  and  projeet  number  are  also  provided.  We  develop  our 
objeetive  funetion  and  eonstraints  based  on  the  Army  SE,  Tamilin  [2001a],  and  Van 
Antwerp  [2001]. 


A,  THE  MODEL  FORMULATION 

This  seetion  defines  the  indiees,  sets,  data,  variables,  and  the  formulation  of  the 

model. 

1.  Indices 

p,p'  Projeet 

m  MACOM 

/  ISR  faeility  eategory  {mission  support,  mobility,  housing,  eommunity, 

installation  support} 
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r  ISR  infrastructure  condition  rating  {C4,  C3,C2,C1} 

2,  Sets 

Pm  the  set  of  all  projects  belonging  to  MACOM  m. 

PJPRm  the  set  of  project  pairs  p  and  p  where  p  is  funded  only  when  p  is  funded 
for  each  MACOM  m,  for  example, {(1,2),  (2,3),  (3,4)  This  refleets 
MACOM  priority. 

CATf  the  set  of  all  projects  belonging  to  ISR  facility  category  type  /  (e.g.,  all 
mission  faeility  category  type  projects}. 

RATr  the  set  of  all  projects  belonging  to  ISR  condition  rating  r  (e.g.,  all  C4  ISR 
condition  rating  projects}. 

RCFCr/ the  set  of  all  projeets  belonging  to  ISR  condition  rating  r  and  ISR  facility 
category  type  /  {e.g.,  all  projeets  with  a  C4  ISR  condition  rating  in  the 
mission  facility  category} . 

SYNC  the  set  of  all  projects  having  a  synchronized  arrival  with  a  new  mission. 

DB  the  set  of  all  projects  using  design  build. 

JU  the  set  of  all  projeets  having  joint  use  potential. 

C  the  set  of  all  projeets  that  either  consolidate  facilities,  or  eliminate 
relocatables,  leased,  or  temporary  faeilities. 

3.  Data 

costp  cost  of  project  p  [$M] 

prbp  PRB  score  for  project  p  [value] 

budget  Available  budget  for  revitalization  MILCON  projects  [$M] 

macpj macpj^  Desired  minimum  and  maximum  number  of  seleeted  projeets 
for  eaeh  MACOM  m  {e.g.,  at  least  one  projeet  for  each  MACOM}. 
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macbud^,  macbudm  Desired  minimum  and  maximum  fraction  of  the  budget  per 

MACOM  m  {e.g.,  TRADOC  receives  no  more  than  0.3  of  the 
budget} . 

isrcat  f,  Arcat/ Desired  minimum  and  maximum  fraction  of  the  budget  for  ISR 
facility  category / {e.g.,  at  most  0.5  on  ISR  facility  type  housing}. 

isrrat^,  Arra A  Desired  minimum  and  maximum  fraction  of  the  budget  for  ISR 
rating  r  (e.g.,  at  most  0.5  on  ISR  rating  C3}. 

rcat,  f,  rca A,/ Desired  minimum  and  maximum  fraction  of  the  budget  per  ISR 

rating  r  in  an  ISR  facility  category  f.  (e.g.,  at  least  0.6  on  ISR 
rating  C4  in  facility  type  mission} . 

syncarr,  syncarr  Desired  minimum  and  maximum  fraction  of  the  budget  having 

a  synchronized  arrival  with  a  new  mission  {e.g.,  at  least  0.8  of  the 
budget  is  allocated  toward  projects  having  a  synchronized  arrival 
with  a  new  mission} . 

design, design  Desired  minimum  and  maximum  fraction  of  the  budget  that  use 

design  build  {e.g.,  at  least  0.8  of  the  budget  is  allocated  toward 
projects  using  design  build}. 

jntuse,  Desired  minimum  and  maximum  fraction  of  the  budget  having 

joint  use  potential  {e.g.,  at  least  0.8  of  the  budget  is  allocated 
toward  projects  having  joint  use  potential}. 

confac,  confac  Desired  minimum  and  maximum  fraction  of  the  budget  that  either 

consolidate  facilities;  or  eliminates  relocatables,  leased  or 
temporary  facilities  {e.g.,  at  least  0.5  of  the  budget  is  allocated 
toward  projects  that  consolidate  facilities}. 
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4.  Binary  Variable 

SELECTp  1  if  project  p  is  selected,  0  otherwise 


5.  Formulation 

max  ^  prbp  SELECTp  ( 1 ) 

p 

subject  to:. 

'^costp  SELECTp  <  budget  (2) 

p 

SELECTp < SELECTp ■  'dm{p, p')e  PJPRm  (3) 

macpj  <  V  SELECTp<macpj ^  Vm  (4) 

p£Pm 

macbud  ^  budget  <  Z  costp  SELECTp<macbud,„  budget  Mm  (5) 

pePm 

isrcat  f  budget <  ^  costp  SELECTp<,  isrcat f  budget  Mf  (6) 

p^CATf 

isrrat^ budget <  ^  costp SELECTp<isrratr  budget  Mr  (7) 

pGRATr 

rcat ^ P  budget <  ^  costp SELECTp<  rcat rj  budget  Mr,  f  (8) 

peRCFCr,/ 

syncarr  budget <  ^  costp  SELECTp<syncarr  budget  (9) 

peSYNC 

design  budget <  ^  costp  SELECTp<design  budget  (10) 

pCiDB 

jntuse  budget  <  ^  costp  SELECTp  <  jntuse  budget  (11) 

psJU 

confac  budget  <  ^  costp  SELECTp  <  confac  budget  (12) 

p&C 

SELECTp  \)'ma.ry  Mp  (13) 
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a.  The  Objective  Function 

The  objective  function,  equation  (1),  attempts  to  obtain  the  highest  total 

PRB  score. 


b.  Budget  Constraint 

Equation  (2)  ensures  the  total  cost  of  the  selected  projects  does  not  violate 
the  allocated  budget  for  MILCON  projects. 

c.  MACOM  Constraints 

By  selection  of  project  pairs  in  PJPRm,  equation  (3)  maintains  MACOM 
priority  integrity.  For  example,  TRADOC’s  priority  three  won’t  be  selected  before  their 
number  two  priority.  Equation  (4)  establishes  the  lower  and  upper  bound  on  the  number 
of  projects  for  each  MACOM.  Equation  (5)  enforces  the  lower  and  upper  bound  on  the 
fraction  of  the  budget  allocated  per  MACOM. 

d.  ISR  Constraints 

Equation  (6)  establishes  the  lower  and  upper  bound  on  the  fraction  of  the 
budget  allocated  for  each  ISR  facility  category.  Equation  (7)  establishes  the  lower  and 
upper  bound  on  the  fraction  of  the  budget  allocated  for  each  ISR  rating.  Equation  (8) 
establishes  the  lower  and  upper  bound  on  the  fraction  of  the  budget  allocated  for  each 
ISR  condition  rating  in  an  ISR  facility  category. 

e.  Other  Factor  Constraints 

Equation  (9)  establishes  the  lower  and  upper  bound  on  the  desired  fraction 
of  the  budget  allocated  toward  projects  that  are  synchronized  with  the  arrival  of  a  new 
mission.  Equation  (10)  establishes  the  lower  and  upper  bound  on  the  desired  fraction  of 
the  budget  allocated  towards  projects  using  design  build.  Equation  (11)  establishes  the 
lower  and  upper  bound  on  the  desired  fraction  of  the  budget  allocated  toward  projects 
demonstrating  joint  use  potential.  Equation  (12)  establishes  the  lower  and  upper  bound 
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on  the  fraction  of  the  budget  allocated  toward  projects  that  consolidate  facilities; 
eliminates  relocatables,  leased  or  temporary  facilities.  Equation  (13)  ensures  the  decision 
variable  is  binary. 


The  following  equation  name  listing  corresponds  to  the  above  equation 
numbers  for  use  in  Chapter  IV: 


(1) 

MAXPRB 

(2) 

BUDGET 

(3) 

MACPRI 

(4) 

MACPJ 

(5) 

MACBUD 

(6) 

CRATE 

(V) 

ICAT 

(8) 

CRATECAT 

(9) 

SA 

(10) 

DB 

(11) 

JU 

(12) 

CE 

(13) 

BINVAR 
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IV.  COMPUTATIONAL  RESULTS 


This  chapter  provides  background  on  data  sources,  approaeh,  and  results  by  using 
PESA.  Speeifieally,  PESA  evaluates  and  selects  the  best  set  of  MILCON  projeets  under 
various  polieies  and  budgets  for  the  set  of  62  projeets  eonsidered  by  the  ACSIM  in  2001. 
The  polieies  reflect  the  most  important  aspeets  of  Army  MILCON  as  mentioned  in 
Chapters  I  and  IT  With  the  benefit  of  hindsight,  we  evaluate  and  seleet  these  projeets 
using  a  budget  of  $600M  (the  actual  amount  allocated  in  2001)  as  well  as  other  budget 
parameters.  In  particular,  we  believe  PESA  eould  have  helped  justify  a  $700M  budget  in 
2001  as  supported  by  our  analysis.  Although  we  conduet  many  PESA  runs,  we  provide  a 
subset  of  the  results  (mostly  for  $600M)  that  implement  various  polieies  and  available 
budgets. 

We  answer  questions  sueh  as: 

1.  What  projeets  are  seleeted  when  enforeing  different  budgets  and  MACOM 
priority? 

2.  What  projects  are  seleeted  when  enforeing  budget,  MACOM  priority,  and 
requiring  funding  of  all  C3  and  C4  projeets? 

3.  What  projects  are  seleeted  if  we  enforee  MACOM  priority  for  the  first  three 
projects? 

PESA  is  implemented  using  a  personal  eomputer  equipped  with  a  Pentium  IV 
2.00  GHZ  proeessor  using  GAMS  Rev  1 17  [GAMS  Development  Corp.  2001]  with  the 
CPLEX  6.6.1  [ILOG  Corporation  2002]  solver.  XLLINK  software  [Rutherford  and 
Maliyev  2002]  provides  the  spreadsheet  interfaee  between  GAMS  and  Mierosoft  Exeel 
2000®  [Mierosoft  Corp.  1999]  input  and  output  fdes.  PESA’s  run  time  varies,  but  is 
always  less  than  one  minute. 


A,  DATA  SOURCES 

The  ACSIM  provides  the  fiseal  year  2001  PRB  project  data  in  an  Excel 
Spreadsheet  and  the  budget  amount  of  $600  million.  Tables  8,  9,  10  and  11  provide  a 
summary  of  the  projeet  data. 
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MACOM 

Dollars 

Requested 

($M) 

Number  of 

Projects 

Requested 

Fractiou  of 

Budget 

Requested 

Fractiou  of 

Projects 

Requested 

Average  Cost  of 
Project  ($M) 

AMC 

97.9 

7 

0.16 

0.11 

14.0 

ATEC 

15.2 

3 

0.03 

0.05 

5.1 

CID 

3.7 

2 

0.01 

0.03 

1.9 

BAR 

9.4 

1 

0.02 

0.02 

9.4 

EUSA 

20.9 

3 

0.03 

0.05 

7.0 

FORSCOM 

97.2 

10 

0.16 

0.16 

9.7 

INSCOM 

35.1 

2 

0.06 

0.03 

17.6 

MDW 

215.5 

5 

0.36 

0.08 

43.1 

MEDCOM 

12.3 

3 

0.02 

0.05 

4.1 

MEPCOM 

15.0 

2 

0.03 

0.03 

7.5 

MTMC 

2.7 

1 

0.00 

0.02 

2.7 

TRADOC 

101.6 

4 

0.17 

0.06 

25.4 

USAREC 

12.0 

2 

0.02 

0.03 

6.0 

USAREUR 

50.9 

6 

0.08 

0.10 

8.5 

USARPAC 

183.7 

9 

0.31 

0.15 

20.4 

USMA 

98.0 

2 

0.16 

0.03 

49.0 

Totals 

970.8 

62 

1.62 

1.00 

15.7 

Table  8.  Data  Summary  by  MACOM 


By  MACOM,  the  dollars  requested  and  the  number  of  projects  requested  vary 
substantially.  For  example,  MDW  requests  $215.5M,  while  MTMC  requests  $2.7M  and 
FORSCOM  requests  10  projects,  while  MTMC  requests  1  project. 


C-Ratiug 

Dollars 

Requested 

($M) 

Number  of 

Projects 

Requested 

Fractiou  of 

Budget 

Requested 

Fractiou  of 

Projects 

Requested 

Average  Cost 
of  Project  ($M) 

4 

427.9 

32 

0.71 

0.52 

13.4 

3 

283.0 

16 

0.47 

0.26 

17.7 

2 

52.2 

6 

0.09 

0.10 

8.7 

1 

207.8 

8 

0.35 

0.13 

26.0 

Totals 

970.8 

62 

1.62 

1.00 

15.7 

Table  9.  Data  Summary  by  ISR  Condition  Rating 


The  48  projects  in  the  ISR  condition  rating  C3  and  C4  comprise  the  majority  of  the  total 
projects  requested  (32  +  16)  and  dollars  requested  ($427. 9M  +  $283. OM).  Using  a 
budget  of  $600M,  the  Army  cannot  fund  all  C3  and  C4  projects. 
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Facility 

Category 

Dollars 

Requested  ($M) 

Number  of 

Projects 

Requested 

Fractiou  of 

Budget 

Requested 

Fractiou  of 

Projects 

Requested 

Average 
Cost  of 
Project 
($M) 

Mission 

Support 

706.7 

38 

1.18 

0.61 

18.6 

Mobility 

85.0 

3 

0.14 

0.05 

28.3 

Housing 

7.3 

1 

0.01 

0.02 

7.3 

Community 

68.6 

12 

0.11 

0.19 

5.7 

Installation 

Support 

103.3 

8 

0.17 

0.13 

12.9 

Totals 

970.8 

62 

1.62 

1.00 

15.7 

Tab] 

ie  10.  Data  Summary  by  ISR  Facility  Category  Type 

The  38  projects  in  the  mission  support  ISR  facility  category  comprise  the  majority  of  the 
total  projects  requested  and  dollars  requested  ($706. 7M).  For  example,  if  all  mission 
support  projects  are  funded,  they  require  1.18  of  the  available  budget.  The  mission 
support  projects  account  for  0.61  of  all  the  projects  requested  with  an  average  cost  of 
$18.6M. 


Facility 

Category 

C-Rating 

Dollars 

Requested 

($M) 

Number  of 

Projects 

Requested 

Fractiou  of 

Budget 

Requested 

Fractiou  of 

Projects 

Requested 

Average  Cost 
of  Project  ($M) 

Mission 

Support 

4 

337.0 

20 

0.56 

0.32 

16.8 

3 

124.2 

8 

0.21 

0.13 

15.5 

2 

47.9 

4 

0.08 

0.06 

12.0 

1 

197.7 

6 

0.33 

0.10 

32.9 

Mobility 

4 

7.6 

1 

0.01 

0.02 

7.6 

3 

77.4 

2 

0.13 

0.03 

38.7 

2 

0.0 

0 

0.00 

0.00 

0.0 

1 

0.0 

0 

0.00 

0.00 

0.0 

Housing 

4 

0.0 

0 

0.00 

0.00 

0.0 

3 

7.3 

1 

0.01 

0.02 

7.3 

2 

0.0 

0 

0.00 

0.00 

0.0 

1 

0.0 

0 

0.00 

0.00 

0.0 

Community 

4 

34.3 

6 

0.06 

0.10 

5.7 

3 

21.6 

3 

0.04 

0.05 

7.2 

2 

2.7 

1 

0.00 

0.02 

2.7 

1 

10.1 

2 

0.02 

0.03 

5.1 
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Facility 

Category 

C-Rating 

Dollars 

Requested 

($M) 

Number  of 

Projects 

Requested 

Fractiou  of 

Budget 

Requested 

Fractiou  of 

Projects 

Requested 

Average  Cost 
of  Project  ($M) 

Installation 

Support 

4 

49.1 

5 

0.08 

0.08 

9.8 

3 

52.6 

2 

0.09 

0.03 

26.3 

2 

1.6 

1 

0.00 

0.02 

1.6 

1 

0.0 

0 

0.00 

0.00 

0.0 

Totals 

970.8 

62 

1.62 

1.00 

15.7 

Table  1 1 .  Data  Summary  by  ISR  Facility  Category  Type  and  Condition  Rating 
The  C4  mission  support  projects  total  $337. OM,  which  if  all  are  funded,  require  0.56  of 
the  available  budget.  This  makes  sense  that  many  projects  requests  are  for  facilities  in 
the  worst  condition  (ISR  condition  rating  C4)  and  the  most  important  facility  type  (ISR 
facility  category  mission  support).  The  C4  mission  support  projects  account  for  0.32  of 
all  projects  requested  with  an  average  cost  of  $16.8M. 


The  PRB  scores  range  from  1.36  to  4.34.  Figure  1  shows  the  frequency  of  the 
occurrences  of  the  PRB  scores  in  the  given  ranges.  The  majority  of  the  PRB  scores  are 
between  2.00  and  3.49. 


18  1 

16 

14 

12 

S* 

g  10 

5 

^  o 

6 


1.00-1.99  2.00-2.49 


2.50-2.99  3.00-3.49 

Range 


3.50-3.99  4.00-4.99 


Figure  1 .  PRB  Score  Distribution 

Tables  12,  13,  14,  and  15  summarize  data  about  other  important  Army  MILCON 

factors: 


28 


•  Whether  or  not  a  project  has  a  synchronized  arrival  with  a  new 
mission. 

•  Whether  or  not  a  project  uses  design  build. 

•  Whether  or  not  a  project  has  joint  use  potential. 

•  Whether  or  not  a  project  consolidates  facilities;  eliminates 
relocatables,  leased  or  temporary  facilities. 


MACOM 

Dollars 

Requested 

($M) 

Number  of 

Projects 

Requested 

Fractiou  of 

Budget 

Requested 

Fractiou  of 

Projects 

Requested 

Average 

Cost  of 
Project 
($M) 

AMC 

0.0 

0 

0.00 

0.00 

0.0 

ATEC 

0.0 

0 

0.00 

0.00 

0.0 

CID 

0.0 

0 

0.00 

0.00 

0.0 

DAR 

0.0 

0 

0.00 

0.00 

0.0 

EUSA 

10.7 

2 

0.02 

0.03 

5.4 

FORSCOM 

45.4 

5 

0.08 

0.08 

9.1 

INSCOM 

0.0 

0 

0.00 

0.00 

0.0 

MDW 

5.0 

1 

0.01 

0.02 

5.0 

MEDCOM 

0.0 

0 

0.00 

0.00 

0.0 

MEPCOM 

0.0 

0 

0.00 

0.00 

0.0 

MTMC 

0.0 

0 

0.00 

0.00 

0.0 

TRADOC 

13.4 

2 

0.02 

0.03 

6.7 

USAREC 

0.0 

0 

0.00 

0.00 

0.0 

USAREUR 

0.0 

0 

0.00 

0.00 

0.0 

USARPAC 

0.0 

0 

0.00 

0.00 

0.0 

USMA 

0.0 

0 

0.00 

0.00 

0.0 

Totals 

74.5 

10 

0.12 

0.16 

7.4 

Table  12.  Data  Summary  of  Synchronized  Arrival  Projects 


There  are  relatively  few  synchronized  arrival  projects.  For  example,  EUSA  has  two 
projects  that  are  a  synchronized  arrival  with  a  new  mission.  The  synchronized  arrival 
projects  for  EUSA  total  $10. 7M,  which  if  all  are  funded,  require  0.02  of  the  available 
budget.  The  synchronized  arrival  projects  for  EUSA  account  for  0.03  of  all  projects 
requested  with  an  average  cost  of  $5.4M. 


29 


MACOM 

Dollars 

Requested 

($M) 

Number  of 

Projects 

Requested 

Fractiou  of 

Budget 

Requested 

Fractiou  of 

Projects 

Requested 

Average 

Cost  of 

Project  ($M) 

AMC 

90.6 

6 

0.15 

0.10 

15.1 

ATEC 

15.2 

3 

0.03 

0.05 

5.1 

CID 

3.7 

2 

0.01 

0.03 

1.9 

DAR 

0.0 

0 

0.00 

0.00 

0.0 

EUSA 

20.9 

3 

0.03 

0.05 

7.0 

FORSCOM 

68.0 

7 

0.11 

0.11 

9.7 

INSCOM 

35.1 

2 

0.06 

0.03 

17.6 

MDW 

13.5 

3 

0.02 

0.05 

4.5 

MEDCOM 

12.3 

3 

0.02 

0.05 

4.1 

MEPCOM 

8.2 

1 

0.01 

0.02 

8.2 

MTMC 

0.0 

0 

0.00 

0.00 

0.0 

TRADOC 

101.6 

4 

0.17 

0.06 

25.4 

USAREC 

12.0 

2 

0.02 

0.03 

6.0 

USAREUR 

21.7 

4 

0.04 

0.06 

5.4 

USARPAC 

118.7 

8 

0.20 

0.13 

14.8 

USMA 

49.0 

1 

0.08 

0.02 

49.0 

Totals 

570.3 

50 

0.95 

0.79 

11.4 

Table  13.  Data  Summary  ol 

'  Design  Builc 

1  Projects 

If  funded,  almost  all  projects  (50  out  of  62)  use  design  build;  design  build  allows  the 
Army  to  have  one  contractor  responsible  for  the  entire  project  [Assistant  Chief  of  Staff 
for  Installation  Management  2002b].  The  other  option  (viewed  as  unfavorable)  is  design 
bid  build  where  the  Army  has  a  contractor  for  each  part  of  the  project  [Assistant  Chief  of 
Staff  for  Installation  Management  2002b]. 


MACOM 

Dollars 

Requested 

($M) 

Number  of 

Projects 

Requested 

Fractiou  of 

Budget 

Requested 

Fractiou  of 

Projects 

Requested 

Average 
Cost  of 
Project 
($M) 

AMC 

94.8 

6 

0.16 

0.10 

15.8 

ATEC 

15.2 

3 

0.03 

0.05 

5.1 

CID 

3.7 

2 

0.01 

0.03 

1.9 

DAR 

0.0 

0 

0.00 

0.00 

0.0 

EUSA 

20.9 

3 

0.03 

0.05 

7.0 

FORSCOM 

97.2 

10 

0.16 

0.16 

9.7 

INSCOM 

30.0 

1 

0.05 

0.02 

30.0 

MDW 

215.5 

5 

0.36 

0.08 

43.1 

MEDCOM 

0.0 

0 

0.00 

0.00 

0.0 

MEPCOM 

6.8 

1 

0.01 

0.02 

6.8 
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MACOM 

Dollars 

Requested 

($M) 

Number  of 

Projects 

Requested 

Fractiou  of 

Budget 

Requested 

Fractiou  of 

Projects 

Requested 

Average 
Cost  of 
Project 
($M) 

MTMC 

2.7 

1 

0.00 

0.02 

2.7 

TRADOC 

101.6 

4 

0.17 

0.06 

25.4 

USAREC 

12.0 

2 

0.02 

0.03 

6.0 

USAREUR 

39.0 

4 

0.07 

0.06 

9.8 

USARPAC 

131.6 

7 

0.22 

0.11 

18.8 

USMA 

98.0 

2 

0.16 

0.03 

49.0 

Totals 

868.8 

52 

1.45 

0.82 

16.6 

Table  14.  Data  Summary  of  Joint  Use  Projeets 
Almost  all  projeets  demonstrate  joint  use  potential  (52  out  of  62). 


MACOM 

Dollars 

Requested 

($M) 

Number  of 

Projects 

Requested 

Fractiou  of 

Budget 

Requested 

Fractiou  of 

Projects 

Requested 

Average 
Cost  of 
Project 
($M) 

AMC 

74.3 

5 

0.12 

0.08 

14.9 

ATEC 

0.0 

0 

0.00 

0.00 

0.0 

CID 

1.7 

1 

0.00 

0.02 

1.7 

DAR 

0.0 

0 

0.00 

0.00 

0.0 

EUSA 

10.7 

2 

0.02 

0.03 

5.4 

FORSCOM 

67.9 

7 

0.11 

0.11 

9.7 

INSCOM 

0.0 

0 

0.00 

0.00 

0.0 

MDW 

142.5 

3 

0.24 

0.05 

47.5 

MEDCOM 

10.3 

2 

0.02 

0.03 

5.1 

MEPCOM 

0.0 

0 

0.00 

0.00 

0.0 

MTMC 

0.0 

0 

0.00 

0.00 

0.0 

TRADOC 

13.4 

2 

0.02 

0.03 

6.7 

USAREC 

12.0 

2 

0.02 

0.03 

6.0 

USAREUR 

21.6 

3 

0.04 

0.05 

7.2 

USARPAC 

0.0 

0 

0.00 

0.00 

0.0 

USMA 

0.0 

0 

0.00 

0.00 

0.0 

Totals 

354.3 

28 

0.59 

0.44 

12.8 

Table  15.  Data  Summary  of  Consolidated  Faeilities  Projeets 
Only  28  projeets  eonsolidate  faeilities. 
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B,  OVERVIEW  OF  PESA’S  RESULTS 

We  conduct  four  different  PESA  excursions  that  significantly  alter  available 
budget  and  policies.  Within  each  excursion,  we  implement  a  number  of  PESA  runs  that 
maintain  the  same  objective  function  (MAXPRB)  and  decision  variable  (B INVAR),  but 
vary  the  level  of  adherence  to  other  constraints.  In  this  way,  PESA  allows  the  user  to 
input  the  policies,  defined  by  the  level  of  adherence  to  constraints. 

The  first  excursion  is  called  full,  the  second  excursion  (MACOM  priority  relaxed) 
differs  from  the  full  excursion  by  only  adhering  to  MACOM  priority  for  the  first  three 
projects  (e.g.,  once  EORSCOM’s  first  three  projects  are  selected,  then  its  other  projects 
do  not  have  to  adhere  to  MACOM  priority),  the  third  excursion  (changing  budget)  differs 
from  the  full  excursion  by  changing  the  available  budget  ($700M,  $500M,  and  $400M), 
and  the  fourth  excursion  focuses  on  unlimited  budget  with  certain  constraints  (budget 
request). 


C.  RESULTS  FROM  THE  EXCURSIONS 

In  these  sections,  we  present  a  subset  of  PESA’s  results  from  the  four  excursions 
listing  only  the  constraints  and  parameters  used. 

1,  Full,  MACOM  Priority  Relaxed,  and  Changing  Budget  Excursions 

Table  16  provides  a  summary  of  the  most  interesting  PESA  results.  Shown  are 
statistics  on  eleven  different  recommended  sets  of  projects  to  fund.  The  first 
recommended  option  called  base  uses  constraints  BUDGET  and  MACOMPRI.  We 
extensively  compare  the  base  recommendation  to  recommendation  options  1  to  4  (from 
the  full  excursion)  that  add  constraints  to  develop  improved  funding  options.  We  then 
compare  recommended  options  5-7  from  the  MACOM  priority  relaxed  excursion  to  the 
corresponding  recommended  options  2-4  to  determine  if  relaxing  MACOM  priority 
produce  better  results.  Recommended  options  8-10  demonstrate  results  from  the 
changing  budget  excursion  (budgets  set  equal  to  $700M,  $500M,  and  $400M 
respectively). 
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spent  on  projects  in  other  ratings),  etc. 


Below  are  the  speeifics  of  eaeh  recommended  option,  listing  only  the  enforced 
constraints  and  parameters  used.  We  develop  the  parameters  from  the  data  summary  to 
demonstrate  PESA.  The  main  difference  in  each  option  occurs  in  what  other  constraints 
are  enforced  to  specifically  develop  policies. 


Recommended  Option  BASE  (Table  16)  funds  based  only  on  budget  and 
MACOM  priority  (enforce  BEIDGET  and  MACPRI).  Although  the  objective  function  is 
high,  the  fraction  of  the  budget  spent  on  C3  and  C4  projects  is  relatively  low  (0.729). 
This  option  also  satisfies  constraints  on  the  upper  bound  for  ICAT  and  upper  bound  for 
MACBUD. 

Recommended  Option  1  (Table  16)  funds  with  consideration  to  the  ISR  condition 
rating.  We  enforce  BEIDGET,  lower  and  upper  bound  for  CRATE,  and  MACPRI. 

The  parameters  for  isrrat,  are  set  equal  to  0.60,  0.20,  0.02,  and  0  for  r  equal  to 

C4,  C3,  C2,  and  Cl  respectively.  The  parameters  for  isrratr&XQ  set  equal  to  1,  1,  0.10, 
and  0.10  for  r  equal  to  C4,  C3,  C2,  and  Cl  respectively. 

As  expected,  adding  a  lower  and  upper  bound  for  CRATE  increases  the  fraction 
of  budget  spent  on  C3  and  C4  projects  (0.901).  A  possible  downside  is  AMC  doesn’t 
receive  any  projects.  This  option  also  satisfies  some  other  constraints  e.g.,  upper  bound 
for  MACBUD  and  upper  bound  for  ICAT. 


Recommended  Option  2  (Table  16)  funds  with  consideration  to  the  ISR  condition 
rating  in  an  ISR  facility  category  type.  We  enforce  BUDGET,  lower  and  upper  bound  on 
CRATECAT,  and  MACPRI. 

The  parameters  for  rcat, j  and  rcatrj  where  r  is  equal  to  C4,  C3,  C2,  and  Cl 

respectively  and /is  equal  to  mission  support,  mobility,  housing,  community,  installation 
support  respectively  are  in  Table  17. 
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C4  |lower,  upper] 

C3  [lower,  upper] 

C2  [lower,  upper] 

Cl  [lower,  upper] 

Mission 

support 

0.450,  0.750 

0.150,0.500 

0.000,  0.250 

0.000,  0.100 

Mobility 

0.005,  0.700 

0.100,0.450 

0.000,  0.200 

0.000,  0.100 

Housing 

0.000,  0.650 

0.005,  0.400 

0.000,0.150 

0.000,  0.050 

Community 

0.050,  0.600 

0.050,  0.350 

0.000,0.100 

0.000,  0.050 

Installation 

support 

0.050,  0.550 

0.020,  0.300 

0.000,0.100 

0.000,  0.050 

Table  17.  Parameters  for  rcat^ j  and  rcatrj  (Budget  $600M) 

The  first  column  is  the  ISR  facility  category  f.  The  first  row  is  the  ISR  condition  rating  r 
with  the  lower  and  upper  bound.  For  example,  where  r  is  equal  to  C4  and /is  equal  to 

mission  support  rcat^ j  is  set  equal  to  0.0450  and  rcatrj  is  set  equal  to  0.750. 


The  results  indicate  an  improvement  in  budget  spent  on  C3  and  C4  projects 
(0.817)  as  well  as  in  mission  support  and  mobility  (0.840).  The  only  downside  is  the 
number  of  projects  selected  is  low  (44).  This  option  also  satisfies  some  other  constraints 
e.g.,  lower  bound  for  DB  and  lower  bound  for  CF. 


Recommended  Option  3  (Table  16)  funds  with  consideration  to  the  MACOMs 
and  ISR  condition  rating  in  an  ISR  facility  category  type.  We  enforce  BUDGET,  lower 
and  upper  bound  for  MACBUD,  upper  bound  for  CRATECAT,  and  MACPRI. 

The  parameters  for  macbud^  are  set  equal  to  0.0001  for  Vm  and  rnacbudm 
set  equal  to  0.25  for  Vm  (see  recommended  option  two  for  rcatrj). 

Although  this  policy  improves  the  fraction  of  the  budget  allocated  to  C3  and  C4 
projects  (0.772)  and  the  fraction  of  the  budget  spent  on  mission  and  mobility  projects 
(0.732),  the  entire  budget  is  not  spent  ($580. 8M);  resulting  in  remaining  projects  that 
could  be  funded,  but  would  violate  MACOM  priority.  This  option  also  satisfies  some 
other  constraints  e.g.,  lower  bound  for  SA  and  lower  bound  for  CP. 


Recommended  Option  4  (Table  16)  funds  with  consideration  to  the  MACOMs, 
ISR  facility  category  type,  the  ISR  condition  rating,  synchronized  arrival,  design  build, 
joint  use,  and  consolidate  facilities.  We  enforce  BUDGET,  lower  and  upper  bound  for 
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ICAT,  lower  bound  for  CRATE,  lower  and  upper  bound  for  MACBUD  (see 
reeommended  option  three),  MACOMPRI,  lower  bound  for  SA,  lower  bound  DB,  lower 
bound  for  JU,  and  lower  bound  for  CF. 

The  parameters  for  isrcat  ^  are  set  equal  to  0.70,  0.10,  0.001,  0.05,  0.05  for  / 
equal  to  mission  support,  mobility,  housing,  eommunity,  and  installation  support 
respeetively,  isrcatf  are  set  equal  to  0.80,  0.40,  0.30,  0.20,  0.20  for /  equal  to  mission 
support,  mobility,  housing,  eommunity,  and  installation  support  respeetively,  and  isrrat, 
are  set  equal  to  0.60,  0.20,  0.02,  and  0  for  r  equal  to  C4,  C3,  C2,  and  Cl  respeetively; 
syncarr  is  set  equal  to  0.10,  design  is  set  equal  to  0.50,  jntuse  is  set  equal  to  0.40,  and 

confac  is  set  equal  to  0.20  (see  reeommended  option  three  for  parameters  for 
macbud„  and  macbudj- 

The  fraction  of  the  budget  spent  on  C3  and  C4  projects  (0.839),  mission  support 
and  mobility  (0.839),  and  each  MACOM  receiving  at  least  one  project  are  improvements. 
The  only  downside  is  the  low  number  of  projects  selected  (43). 


Recommended  Options  5-7  correspond  to  the  same  policies  and  parameters  as  2- 
4,  except  MACOM  priority  is  enforced  for  only  the  first  three  projects  (MACOM  priority 
relaxed  excursion). 


Recommended  Option  5  (Table  16)  funds  with  consideration  to  the  MACOMs 
and  the  ISR  condition  rating  in  an  ISR  facility  category  type.  We  enforce  BUDGET, 
lower  and  upper  bound  for  CRATECAT,  and  MACPRI  (relaxed). 

Relaxing  the  MACOM  priority  produces  an  improvement  in  the  results  compared 
to  option  two.  However,  possible  downsides  are  the  number  of  projects  is  still  low  (46) 
and  ATEC  doesn’t  receive  any  projects.  This  option  also  satisfies  some  other  constraints 
e.g.,  upper  bound  for  MACBUD  and  lower  bound  for  DB. 
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Recommend  Option  6  (Table  16)  funds  with  consideration  to  the  MACOMs  and 
ISR  condition  rating  in  an  ISR  facility  category  type.  We  enforce  BUDGET,  lower  and 
upper  bound  for  MACBUD,  upper  bound  for  CRATECAT,  and  MACPRI  (relaxed). 

Compared  to  recommended  option  three,  this  policy  results  in  an  improvement  in 
the  fraction  of  budget  spent  on  C3  and  C4  projects  (0.800)  and  in  the  fraction  of  the 
budget  spent  on  mission  support  and  mobility  (0.723).  This  policy  also  results  in  a  high 
number  of  projects  funded  (53)  and  also  satisfies  some  other  constraints  e.g.,  lower  bound 
for  CRATE  and  lower  bound  for  SA. 


Recommended  Option  7  (Table  16)  funds  with  consideration  to  the  MACOMs, 
ISR  facility  category  type,  ISR  condition  rating,  synchronized  arrival,  design  build,  joint 
use,  and  consolidate  facilities.  We  enforce  BUDGET,  lower  and  upper  bound  for 
MACBUD,  lower  and  upper  bound  for  ICAT,  lower  bound  for  CRATE,  MACOMPRI 
(relaxed),  lower  bound  for  SA,  lower  bound  DB,  lower  bound  for  JU,  and  lower  bound 
for  CP. 

Relaxing  the  MACOM  priority  produces  an  improvement  in  the  results  compared 
to  number  four.  The  fraction  of  budget  spent  on  C3  and  C4  projects  (0.801)  and  the 
fraction  of  the  budget  spent  of  mission  support  and  mobility  projects  (0.847)  increases. 
The  only  downside  is  the  number  of  projects  selected  (46). 


Recommended  Option  8  (Table  16)  funds  with  consideration  to  the  MACOMs, 
ISR  facility  category  type,  synchronized  arrival,  design  build,  joint  use,  and  consolidate 
facilities.  We  enforce  BUDGET  ($700M),  lower  and  upper  bound  for  MACBUD,  upper 
bound  for  ICAT,  MACPRI,  lower  bound  for  SA,  lower  bound  for  DB,  lower  bound  for 
JU,  and  lower  bound  for  CP. 

The  parameters  for  isrcatf  are  set  equal  to  0.80,  0.40,  0.30,  0.20,  and  0.20  for / 
equal  to  mission  support,  mobility,  housing,  community,  and  installation  support 
respectively,  macbud^  are  set  equal  to  0.0001  for  Vm  ,  macbudm  ^O^al  to  0.25 
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for  Vm  ;  syncarr  is  set  equal  to  0.10,  design  is  set  equal  to  0.50,  jntuse  is  set  equal  to 

0.40,  and  confac  is  set  equal  to  0.20.  The  fraetion  of  budget  spent  on  C3  and  C4 

projects  (0.816)  and  on  mission  support  and  mobility  (0.759)  is  high.  This  option 
satisfies  only  one  other  constraint;  the  upper  bound  for  CRATECAT. 


Recommended  Option  9  (Table  16)  funds  with  consideration  to  the  MACOMs, 
the  ISR  condition  rating  in  an  ISR  facility  category  type,  synchronized  arrival,  design 
build,  joint  use,  and  consolidate  facilities.  We  enforce  BUDGET  ($500M),  lower  and 
upper  bound  for  MACBUD,  upper  bound  for  CRATECAT,  MACPRI,  lower  bound  for 
SA,  lower  bound  for  DB,  lower  bound  for  JU,  and  lower  bound  for  CE. 

The  parameters  for  rcatrj  where  r  is  equal  to  C4,  C3,  C2,  and  Cl  and /is  equal 
to  mission  support,  mobility,  housing,  community,  installation  support  respectively  are  in 
Table  18,  macbud^  are  set  equal  to  0.0001  for  Vm  ,  macbudm  ^O^al  to  0.25  for 

Vm;  syncarr  is  set  equal  to  0.10,  design  is  set  equal  to  0.40,  jntuse  is  set  equal  to 
0.30,  and  confac  is  set  equal  to  0.20. 


C4 

C3 

C2 

Cl 

Mission 

support 

0.750 

0.500 

0.250 

0.250 

Mobility 

0.700 

0.450 

0.200 

0.100 

Housing 

0.650 

0.400 

0.150 

0.050 

Community 

0.600 

0.350 

0.100 

0.050 

Installation 

support 

0.550 

0.300 

0.100 

0.050 

Table  18.  Parameters  for  rcatrj  (Budget  $500M) 

The  first  column  is  the  ISR  facility  category /  The  first  row  is  the  ISR  condition  rating  r. 
Eor  example,  where  r  is  equal  to  C4  and /is  equal  to  mission  support  rcatrj  is  set  equal 
to  0.750. 


Although  the  budget  is  reduced,  the  fraction  of  budget  spent  on  C3  and  C4 
projects  (0.745)  and  on  mission  support  and  mobility  (0.800)  is  high.  This  option  also 
satisfies  some  other  constraints  e.g.,  upper  and  lower  bound  for  ICAT. 
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Recommended  Option  10  (Table  16)  funds  with  consideration  to  the  MACOMs, 
the  ISR  facility  category  type,  synchronized  arrival,  design  build,  joint  use,  and 
consolidate  facilities.  We  enforce  BUDGET  ($400M),  lower  and  upper  bound  for 
MACBUD,  upper  bound  for  ICAT,  MACPRl,  lower  bound  for  SA,  lower  bound  for  DB, 
lower  bound  for  JU,  and  lower  bound  for  CF. 

The  parameters  for  isrcatf  are  set  equal  to  0.80,  0.40,  0.30,  0.20,  0.20  for / equal 
to  mission  support,  mobility,  housing,  community,  and  installation  support  respectively, 
macbud^  are  set  equal  to  0.0001  for  Vm  ,  macbudm  ^O^al  to  0.25  for  'dm; 

syncarr  is  set  equal  to  0.20,  design  is  set  equal  to  0.40,  jntuse  is  set  equal  to  0.30,  and 
confac  is  set  equal  to  0.20. 

Although  the  budget  is  reduced,  the  fraction  of  budget  spent  on  C3  and  C4 
projects  (0.807)  and  on  mission  support  and  mobility  (0.775)  is  high.  This  option  also 
satisfies  some  other  constraints  e.g.,  upper  and  lower  bound  for  CRATE. 

2,  Budget  Request  Excursion 

For  the  budget  request  excursion  we  conduct  six  PESA  runs  to  answer  the 
question  of,  “How  much  money  do  we  need  to  accomplish  certain  goals?”  Table  19 
summarizes  the  results  from  a  subset  of  these  goals. 


Budget 

Requirement 

Budget  Required 

Without  Any  MACOM 
Priority  Restriction  ($M) 

Budget  Required  to  Satisfy 
the  Constraints  ($M) 

1 

710.9 

820.1 

2 

710.9 

819.2 

3 

791.7 

970.8 

4 

791.7 

920.4 

5 

546.2 

770.2 

6 

546.2 

768.8 

Table  19.  Summary  of  Budget  Requests  Excursion 


Shown  is  the  budget  recommended  to  enforce  strict  adherence  to  six  policies  (budget 
requirement).  For  example,  budget  requirement  1  must  fund  all  C3  and  C4  projects.  It 
requires  $710.9M  if  there  is  no  adherence  to  MACOM  priority;  however  it  requires 
$820.  IM  to  fund  all  C3  and  C4  projects  while  adhering  to  MACOM  priority. 
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Budget  requirement  deseriptions  with  these  goals  are: 

1.  Fund  all  ISR  eondition  rating  C3  and  C4  projeets  and  enforee  MACOM 
priority. 

2.  Fund  all  ISR  eondition  rating  C3  and  C4  projeets  and  enforee  MACOM 
priority  for  first  three  only. 

3.  Fund  all  ISR  faeility  eategory  type  mission  support  and  mobility  projeets  and 
enforee  MACOM  priority. 

4.  Fund  all  ISR  faeility  eondition  type  mission  support  and  mobility  projeets  and 
enforee  MACOM  priority  for  first  three  only. 

5.  Fund  all  ISR  eondition  rating  C3  and  C4  projeets  in  ISR  faeility  eategory 
mission  support  and  mobility  and  enforee  MACOM  priority. 

6.  Fund  all  ISR  eondition  rating  C3  and  C4  projeets  in  ISR  faeility  eategory 
mission  support  and  mobility  and  enforee  MACOM  priority  for  first  three 
only. 

In  all  of  the  above  budget  requirements,  enforeing  the  MACOM  priority  requires 
signifieantly  more  dollars  to  aeeomplish  these  goals. 


3.  Comparison  to  Army  SE 

In  this  seetion  we  eompare  PESA’s  reeommended  Option  I  from  above  to  the 
Army  SE  (Table  20). 


Number  of 

Projects 

Selected 

Number  of 
Projects 

Selected  tbe 
Other  Did  Not 

Fractiou  of 
Budget 

Speut  ou  C3 
aud  C4 

Fractiou  of 
Budget  Speut  ou 
Missiou  aud 
Mobility 

Highest 

MACOM 

Priority  Not 
Fuuded 

PESA 

50 

11 

0.901 

0.750 

AMC  1 

SE 

44 

5 

0.840 

0.765 

AMC3 

Tab] 

ie  20.  PESA  and  SE  Results  Comparison 

PESA  reeommends  a  set  of  projeets  that  spends  more  of  the  budget  on  C3  and  C4 
projeets. 


Beeause  the  projeet  seore  from  the  SE  relies  heavily  on  the  MACOM  priority, 
many  projeets  are  seleeted  in  an  order  where  eaeh  MACOM  reeeives  its  number  one 
priority;  then,  eaeh  MACOM  reeeives  its  seeond  priority,  ete.  The  SE  results  in 
MACOMs  with  few  projeets  requested  (typieally  smaller  MACOMs  by  number  of 
installations),  reeeiving  all  projeets  and  MACOMs  with  more  projeet  requests  (generally 

larger  MACOMs  by  number  of  installations)  not  allowing  lower  priority  projeets  mueh 
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consideration.  For  example,  five  ISR  eondition  rating  C3  and  C4  projects  in  the  ISR 
faeility  eategory  type  mission  are  not  seleeted.  Although  the  SE  funds  some  of  the  worst 
condition  facilities,  some  MACOMS  (typieally  larger)  are  not  reeeiving  a  needed  portion 
of  the  budget  to  improve  their  facilities. 

PESA  doesn’t  seleet  AMC’s  number  one  priority  beeause  of  high  eost  ($42. OM) 
and  it  is  an  ISR  eondition  rating  Cl . 
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V.  CONCLUSION  AND  FUTURE  RESEARCH 


A,  CONCLUSION 

The  Vice  Chief  of  Staff  of  the  Army,  GEN  Keane,  requested  ACSIM  develop  a 
more  scientific  process  to  select  Army  MILCON  projects  [Tamilin  2001b].  Although  the 
Army  developed  a  scoring  equation,  the  ACSIM  wanted  an  improved  way  to  accomplish 
GEN  Keane’s  request  [Tamilin  2001a].  PESA  uses  data  verified  and  accepted  by 
ACSIM  to  select  and  evaluate  MILCON  projects.  PESA  allows  the  user  to  change  inputs 
to  reflect  policies  which  assist  in  recommending  sets  of  projects  for  funding. 


B,  FUTURE  RESEARCH 

As  mentioned  in  Chapter  I,  we  have  only  focused  on  revitalization  MILCON 
projects.  It  is  also  possible  that  PESA  could  be  modified  to  evaluate  Army  Eacility 
Strategy  (AES)  projects. 
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